A compact group of galaxies centered on the bright lenticular galaxy NGC 524 is investigated in detail. The group members are selected by means of the force hierarchy clustering method. The group area is scrutinized on the POSS copies and, as a result, about a dozen of faint, most likely dwarf companions are detected. The surface number density profile is outlined and different structural and dynamical characteristics are determined for the samples of certain and probable group members. The radial velocity dispersion of 177 km s -1 and the harmonic mean radius of 340 kpc provide the dynamical mass 2.4 X 10 13 M@ and mass-toluminosity ratio ~ 190 (M/L)Q for the central component of the group (H 0 = 75 km s -1 Mpc -1 ). Evidences of segregation between spiral and lenticular group members are pointed out.
Introduction
Our aim is to study the grouping properties of galaxies in the periphery of the Local Supercluster (hereafter LSC) in the Pisces-Cetus area. Since this is approximately the LSC anticenter direction, the local density of nearby (vo < 3000 km s -1 ) galaxies is much lower there, than in the densely populated central region of the LSC (for instance, in the Leo cloud or in the UMa cloud of galaxies). On the other hand, as an effect of the cellular distribution of galaxies on the large scale, the foreground and background galaxies are well separated in this region of the sky. This permits us to calibrate galaxy clustering methods and determine selection parameters. The characteristics of the resulting groups are less biased against contamination by interlopers than it is the case for the groups in the dense central region of the LSC. There is one compact isolated group of galaxies, dominated by an intrinsically bright lenticular galaxy NGC 524. In Geller and Huchra (1983) this group (GH13) is represented by eight bright members. The Nearby Galaxies Catalog (Tully, 1988) fails to identify this group. The main galaxy NGC 524 is listed there merely as a member of a sparse second-level association 52 -0 + 12. In the recently published catalogue of groups of galaxies within 80 Mpc Fouque et al. (1992) listed three members of the NGC 524 group having apparent diameters D25 larger than 100 arcsec. In the list of nearby groups of galaxies (Vennik, 1984) this group (group 5) consists of eleven galaxies with measured redshifts. It is conspicuously rich in lenticular galaxies: in the UGC catalogue (Nilson, 1973) seven members of the group are classified as SO; however, two of them, NGC 509 and NGC 516, are classified in RC2 (de Vaucouleurs et al., 1976 ) as SBb-s. The regular appearence of the group, bright central galaxy surrounded by a score of companion galaxies, permits us to classify this group as a hypergalaxy (Einasto et al., 1974) . In the present paper we determine the basic characteristics of this prominent group of galaxies. In the second section the group identification method is specified. The third section deals with the search for dwarf members of the group. In the fourth section the main structural and dynamical parameters of the group are calculated. The Hubble constant Ho = 75 km s -1 Mpc -1 is used throughout this paper.
Hierarchical clustering of galaxies in the surroundings of NGC 524
2.1. The force hierarchy method for group selection Different clustering procedures have been applied for the selection of galaxy systems. Geller and Huchra (1983) and Maia et al. (1989) used the percolation method, while Materne (1978) , Tully (1980 Tully ( , 1987 , Vennik (1984) and preferred the varieties of the hierarchical clustering method. Principal differences of these two approaches became evident by processing the high density areas: the hierarchical clustering method results in more symmetric entities and enables to point out poorly isolated subcondensations in extensive clouds and associations of galaxies.
In the present paper we apply the force hierarchy method proposed by Tully (1980) . Our approach to the group selection problem was previously described in Vennik (1984) . Hereby only a summary of this technique with some new details will be given. Assuming the constant mass-to-luminosity ratio, the quantity Fij proportional to the gravitational force between galaxies i and j Fij = ma,x(Li,Lj) DJj (2.1)
is calculated for every pair of objects in the sample of N galaxies. L, and Lj are the luminosities and Dij is the separation between the entities with coordinates («¿, Si) and (aj, Sj)
where the angular separation $ij follows as cos dij = sin Si sin Sj + cos Si cos Sj cos (a; -a j), (2) (3) and the line-of-sight separation, determined from velocity differential as -Vj\ Hq 1 , is reduced to account for internal velocity dispersion in galaxy systems as follows:
Here a c is a free parameter regulating the connection of line-of-sight and projected separations. By calculation of the projected separations Rij a factor 4/7r is applied to account statistically for the three-dimensional depth of the group with small velocity differences:
The galaxies i and j are linked to the hierarchy under the condition that the gravitational force parameter Fij is maximal
Then these two objects i and j are treated as a new entity of the luminosity Li+Lj, located at the center of luminosity of that pair and the next two objects are selected according to condition (2.7). After N -1 steps all entities of the sample of N galaxies are connected to the hierarchical structure. The developed hierarchy can be visualized by means of a dendrogram, where the galaxies are arranged along the abscissa in the order of merging to the hierarchy and the ordinate is, as usual, the density of the corresponding system. We apply the luminosity density pi, which is calculated at every step of the merging process as t=i where the radius of the system containing n members is ma x(Lj,Lj)
9)
The number density p n and the mass density pm can be used in a similar way. Individual groups can be selected from the hierarchy on the basis of their density or the density contrast between the groups and their environs. The critical density p cr j t , at which transition from group members to field galaxies occurs, is another free parameter, which is to be determined empirically.
The hierarchical structure of the NGC 524 fegion
We apply the force-hierarchy method to the area of the sky centered approximately on NGC 524 and limited by coordinates: 0 h 45 m < a < 01 h 45 m , -10° <8 < +20° and v 0 < 3500 km s" 1 . The aim is: (1) the evaluation of the selection parameters a c and pcrit! (2) the study of the substructure in the galaxy distribution in this area. As the basic catalogue we used the Huchra (1991) compilation of radial velocities of galaxies. 108 galaxies with measured radial velocities have been fixed in the velocity limits. Some corrections must be applied to the catalogued data. As the first step, the heterogeneous CGCG (Zwicky et al., 1965) magnitudes have been transformed to the i?T-system by means of formulae given by Auman et al. (1982) . In this way total magnitudes of the low-surface-brightness (hereafter LSB) dwarf galaxies are corrected first of all, since their Zwicky's magnitudes are systematically underestimated. As a result, we have the mean statistical correction (mz w -Bi) = 0.25 mag for normal galaxies and (mzw -= 1-2 mag for LSB-galaxies. For detailed investigation of a particular system, a more careful treatment of individual luminosities is needed. The Bx-magnitudes are also corrected for galactic absorption following the precept given by Tully (1981) and based on the galactic HI distribution data. The galactic absorption in the NGC 524 group area is about 0.11 mag. The inclination correction is computed according to Tully and Fouque (1985) . In Fig. 1 the radial velocity histogram is presented for the NGC 524 area with the diameter of about 6°. At the distance of NGC 524, which is about 33.8 Mpc, this diameter corresponds to 3.7 Mpc. The velocity interval 2200 -3000 km s _1 is occupied by probable group members. The background galaxies are concentrated to three velocity groups at 5500, 10000 and 15000 km s -1 . Thus, the NGC 524 group is well isolated in the velocity space and a sufficiently large value of the parameter a c can be taken without any danger of inclusion of field galaxies into the group. The value a c = 500 km s -1 is used in the final round of the force hierarchy method calculations.
In Fig. 2 the dendrogram is presented for 36 galaxies in the surroundings of NGC 524. Along the abscissa the galaxies are arranged in the order of merging to the hierarchy. The ordinate is the logarithm of luminosity density (Eq. 2.8) of the corresponding system.
The dendrogram starts from the left with a sequence of 14 galaxies: this is what we define as the NGC 524 group. The next twelve galaxies in the dendrogram form group 4 in the list of nearby groups (Vennik, 1984) . It contains four bright galaxies: NGC 488, NGC 520, NGC 470, NGC 474 and a number of faint companions. This group seems to have three subcondensations, centered on NGC 488, NGC 520 and NGC 470/474 and is obviously surrounded by a sparse halo consisting of seven galaxies. The structure and other characteristics of this group will be analyzed in next papers.
Definition of the NGC 524 group is not complicated because the group is well isolated also in the sky by voids in eastern and western directions. In the north there is one bright galaxy NGC 514 at the projected distance of 3.4° 2.0 Mpc) from NGC 524. In the south the group is poorly defined: NGC 485 and UGC 989 are situated between the NGC 524 and NGC 488 groups. In the force hierarchy UGC 989 and UGC 1091 are linked to the NGC 524 group, however, their gravitational connection to the group is questionable. Evidently, these two galaxies belong to the halo of the group. It should be noted, that the core -halo structure can be detected in many groups of galaxies. Under these considerations we feel that certain members of the NGC 524 group can be limited at the density level log pl -10.1 -10.3. This hierarchy discrimination level is proper for the nearby NGC 488 group and NGC 628/660 group, too. It should be mentioned that both the NGC 524 and NGC 488 groups are compact and rich in relatively bright galaxies. Thus, the fixed limiting density level may not be suitable for identification of sparse aggregates consisting mostly of dwarf galaxies. Tully (1987) has defined groups by luminosity densities of pg > 2.5 x 10 9 Lq Mpc -3 and associations by pa > 2.5 x 10 8 L© Mpc -3 . We find it may be useful to extend this gradation by introducing one more limiting density level at about p >2.5 x 10 10 Lq Mpc -3 to classify compact groups. Subcondensations of galaxies of similar density occur in many sparse aggregates of galaxies. Table 1 lists all certain (class 1) and probable (class 2) members of the NGC 524 group with measured redshifts and/or those having entries in the NGC or UGC catalogues. In addition to the 14 galaxies from the force hierarchy (Fig. 2) , two probable members, NGC 505 and UGC 896, with no published velocities, as well as UGC 990 with poor velocity and NGC 525 with controversial velocity information are included in Table 1 . For NGC 525 in the CfA Redshift Survey (Huchra et al., 1983) velocity VQ = 2146 ± 31 km s -1 is given, but in the later version of the CfA Redshift Catalogue (Huchra, 1989) a new value VQ = 1624 ± 8 km s.
-1 is presented. Table 1 lists the following data: (1) name of the galaxy; (2) membership class (1 is certain member of the group; 2 is probable member, 3 is probable field galaxy, 1-2 and 2-3 are transitions between the corresponding classes); (3) right ascension; (4) declination; (5) morphological type coded as in the CfA Redshift Catalogue (Huchra, 1989) ; (6) blue total magnitude; (7) absolute magnitude corrected for galactic and internal absorptions; (8) galactocentric velocity; (9) velocity error; (10) logarithmic distance (kpc) from the group center.
Dwarf galaxies in the NGC 524 group area
In the previous section we discussed group membership on the basis of galaxies with measured redshifts. Visual inspection of the group area on the POSS copies reveals a number of small angular size LSB objects of diffuse appearance, which can be classified as probable dwarf elliptical or irregular galaxies. As Fig. 1 shows, the NGC 524 group is well isolated in the velocity space from more distant background objects. Thus, the galaxies of clearly dwarf appearance may be treated as probable members of the NGC 524 group. We have scrutinized the surroundings of NGC 524 in the diameter of about 3.5° (~ 2 Mpc at the group distance) on the POSS blue and red copies. All diffuse objects with the angular diameter over 0.3 arc minutes were picked out. Their mean surface brightness, presence of a nucleus or hints of spiral pattern and other morphological signs were taken into account. The uniformly low surface brightness on both blue and red copies and slightly bluish colour of the object are regarded as reliable signs of a true dwarf galaxy. Great difficulties are connected with classification of small diffuse nucleated objects. Due to insufficient scale (67"/mm) and non-uniform quality of the POSS copies it is rather difficult to distinguish between nearby nucleated dwarf ellipticals (dE.N) and nucleated dwarf lenticulars (dSO.N), on one side, and the LSB background spirals, on the other side. Despite all these uncertainties, the morphological types were ascribed to all dwarf candidates using the Virgo dwarfs (Sandage and Binggeli, 1984) as prototypes. These types are to be regarded as very prelim-inary. We failed to identify any compact elliptical dwarfs like M 32 as well as any blue compact dwarf galaxies in this area.
The dwarf galaxies classified as probable group members are listed in Table 2 . The following data are given: (1) dwarf identification; (2) the group membership probability class; (3) and (4) right ascension and declination measured on the POSS blue copy with the mean accuracy of ±1 arc min; (5) major and minor angular diameters in arc minutes measured on the POSS blue copy; (6) morphological type; (7) eye-estimated apparent blue magnitude ±0.5 mag; (8) absolute magnitude at 33.8 Mpc distance; (9) logarithm of the projected distance (kpc) to the group center. * 0119+0908 barely detectable on the red copy, may be a plate flaw. 0120+0927 extremely diffuse, barely detectable on the red copy. 0125+0859 tiny object, may be a background galaxy. 0125+0900 tiny object, may be a background galaxy. Fig. 3 presents configuration of the group on the sky. The dominating NGC 524 is marked by a large square. 
Structural and dynamical characteristics of the NGC 524 group

Jf.l. The surface density distribution in the group
Density distribution of individual poor groups of galaxies is not very informative due to large statistical noise. Nevertheless, we attempt to outline the surface density distribution in the NGC 524 group "enriched" by probable dwarf members and to compare it with model distributions.
In Fig. 4 the radial surface density profile of all probable group members (classes from 1 to 2-3) is presented. The error bars indicate the probability of y/n fluctuations. The observed density profile is fitted by two model distributions:
( 1) (2) the modified exponential density law calculated by Einasto and Einasto (1972) 
with the structural parameters x = 0, N = 1.0 and the harmonic mean radius ao = 350 kpc. In addition to determination of the scale parameters ao and r c of the group we can argue that the density gradient in the group periphery is greater than in the King model r -2 ) and the more flexible modified exponential density law provides a fair approximation to the rather scarce observational data. Next, a set of parameters for different configurations of the NGC 524 group was calculated. We use the number-weighted parameters, because the weighting by mass or luminosity discards the less massive objects.
4-2. Characteristic timescale
(1) The moment-of-inertia crossing time T\ is, according to Jackson (1975) , the best to test galaxy groups for expansion with the Hubble flow:
where the number-weighted inertial radius is
Ri is the distance of the galaxy i from the group center seen in projection.
(2) The linear crossing time Tl was proposed by Gott and Turner (1977) as being more stable crossing time in the presence of close pairs within the group, central condensations and other irregularities:
where (v) is the mean velocity of N galaxies.
4-3. Mass estimators
(1) The number-weighted virial mass of the group of N galaxies is 6) where the dispersion of radial velocities is calculated as »J = < 4 -7 > and the mean harmonic linear separation is (2) The projected mass estimator avoids some of the problems of the virial theorem. In particular, it is less sensitive to accidental projections of one galaxy close to another. As derived by Heisler et al. (1985) , the projected mass estimator for a spherical system has the form with the constant /pm = 32/7T for the case of isotropic orbits. G is the gravitational constant.
In Table 3 the parameters are listed for four different configurations of the NGC 524 group:
Column 2. The main group of 13 certain members having measured radial velocities.
Column 3. The main group of 28 galaxies including, in addition to the previous configuration, 15 probable members having no velocity information (13 dwarf candidates) or having controversial (NGC 525) or poor (UGC 990) velocities.
Column 4. The main group of 13 certain members + halo including, in addition to the configuration in column 2, two more distant galaxies, UGC 989 and UGC 1091, with measured velocities.
Column 5. The total sample of 31 galaxies including one more dwarf candidate into the halo of the group.
In Table 3 (DIJ) is the mean pairwise separation of N galaxies. Both the virial and projected mass estimators provide similar results. The mean mass-to-luminosity ratio of the main group is about 190 in solar units.
Conclusions
The compact isolated appearance of the group of about 30 galaxies centered on the luminous lenticular galaxy NGC 524 lets us to assume that the group is a likely gravitationally bound system. A short crossing time ~ 0.12 of the Hubble time may probably indicate that the group has undergone a certain dynamical evolution. The group is conspicuously rich in SO galaxies, which are concentrated towards the group center: six galaxies, classified in UGC as SO, have the mean projected separation from the group center 165 ± 46 kpc in comparison to the mean separation of nine S-and Irr-galaxies of about 437 ± 82 kpc. This fact can also be interpreted as a result of dynamical evolution.
The rather high value of the mass-to-luminosity ratio of about 190 MQ/LQ for the central part of the group may indicate the presence of a large amount of dark matter. If the outlying galaxies are bound to the group, the relative increase of mass-to-luminosity ratio for the group with included halo may show that the dark matter is less concentrated to the group center than luminous matter.
Distribution of dwarf galaxy candidates in the group area and its comparison with distribution of bright group members does not reveal any clear signs of mass segregation. The available plate material does not permit any decisive morphological classification of dwarf galaxies. New large scale plates or CCD frames of sufficient scale are urgently needed to carry out the photometry and morphological classification of galaxies in the group area.
